Heart rate was derived from the EGG signal. Cardiac lymph, after a flush period of 15 min, was allowed to flow by gravity, under a layer of mineral oil, into a graduated, heparinized tube packed in ice and placed 5 inches below the level of the lymph channel. Lymph flow was measured every 30 min. At the end of the collection period, a sample was taken for determination of RBC concentration; then the collecting tube was centrifuged at 2,000 X g for 30 min at 4°C and the supernatant was stored at -15°C until the time of analysis. Coronary sinus blood was obtained by direct puncture of the coronary sinus at a site about 1 cm from its entrance into the right atrium.
Systemic venous blood was sampled from the superior vena cava.
Lymph composition was studied with reference to pH, RBC concentration, total protein content, sodium and potassium ion concentrations, and CPK and acid phosphatase enzyme activity. pHs were measured on a blood gas analyzer (Instrumentation Laboratories, Boston et al. (29) . These measurements required a total of about 3 ml of lymph. To obtain adequate amounts of lymph, we collected lymph for two consecutive Z-h periods. Dogs were assigned alternately to two groups; group 1 in which the circumflex artery was isolated but not occluded and group 2 in which the artery was occluded at the end of the first 2-h period. This occlusion was done by the two-step method of Harris (10). At the end of each Z-h period, samples of systemic and coronary sinus blood were obtained for the same determinations carried out on Iymph.
Each dog served as its own control. In group I, we assessed the effects of the passage of time alone and these data were compared to those obtained in group 2, thereby allowing us to elucidate the changes produced by ischemia. Statistical analysis was carried out using the Student t test.
At the end of the experiment, the anatomical site and extent of myocardial ischemia were delineated by the intravenous injection of fluorescein (Fluorescite 5 %; 1 ampul = 10 ml; Alcon Laboratories, Fort Worth) and examination under UV light. Fluorescein (28), on reaching the coronary circulation, diffuses uniformly through the capillary wall and gives a brillant yellow-green fluorescence of the normal myocardium.
In contrast, the ischemic area remains unstained.
The margins of this area were marked with Evans blue. After excision of the heart, the volume of the left ventricle and of the ischemic zone were estimated by water displacement.
Sections of the posterior papillary muscle were taken for histologic examination.
RESULTS
Twelve dogs comprising group I remained under stable physiologic conditions for the entire 4-h period of lymph collection.
Of the 12 dogs assigned to group 2, four developed ventricular fibrillation after occlusion of the circumflex artery and died without any attempt at resuscitation being made and one was excluded because of lack of development of ischemic changes. Data, therefore, were obtained from seven dogs subjected to myocardial ischemia. The average weight of the animals was essentially the same in both groups. No significant differences were noted in any variable between the animals in group I and those in group 2 under control conditions. Lymph flow and most lymph constituents were within ranges previously reported from this and other laboratories (5, 16, 19, 33, 34) . The differences between lymph and serum of systemic venous and coronary sinus blood were also within previously described ranges (34). In group I, no significant change occurred in any variable as a result of the passage of time alone. The changes observed in group 2 in the lymph collected during 2 h of ischemia clearly indicated both blood capillary and myocardial cell injury. These changes in lymph were all statistically significant (P < 0.05) in contrast to the nonsignificant changes that occurred, with the exception of CPK, in systemic venous and coronary The data are summarized in Tables 1 and 2. sinus blood.
In five dogs, the changes in the volume of lymph flow were correlated with hemodynamic changes at 30-min intervals ( In contrast, the bulk of the increase in cardiac lymph drainage probably originates from the ischemic area and, therefore, a greater percent of the collected lymph will reflect the changes induced by ischemia, i.e., rather than seeing a dilutional effect, we see a magnifying effect. Furthermore, diffusion through the interstitial space may extend beyond the ischemic region and, consequently, the ions and enzymes have a chance to be transported by lymphatic channels originating in relatively normal areas, a mechanism which is less likely to influence the composition of the venous drainage.
Other mechanisms may also account for the lack of detectable changes in the composition of coronary sinus blood. Anatomically, a rich plexus of venovenous anastomoses is usually present in the canine heart bridging the posterior and middle cardiac veins to the anterior descending veins, which empty separately into the right atrium thereby bypassing the coronary sinus. For some ischemic metabolites, local venous blood determinations produce curves that are characterized by early elevations (first 15-30 min) with subsequent decreases (2 1). Thus, it is possible that although some changes might have occurred in the coronary sinus blood during the early period of ischemia, these were no longer apparent at the time of sampling. The lymph determinations, on the other hand, were carried out over the 2-h collection period so that even transient changes could be detected.
The changes we noted in the composition of cardiac lymph are in general agreement with the results of others. Thus, the elevations in RBC concentration and protein content indicate increased capillary permeability with edema formation (2, 14, 17) ; the drop in pH concurrent with the rise in lactate concentration, the increase in potassium levels coupled with the decrease in sodium, and the increases in CPK and acid phosphatase enzyme activities relate to anaerobic metabolism (26) and increased lysosomal and cell membrane permeability (3, 4, 24) It has been observed (30) that the concentrations of the enzyme LDH, SGOT, and CPK rise in the cardiac lymph within 1-2 h of ischemia, whereas corresponding rises of serum activity can be detected only after 2-6 h. The increases in enzyme activity after coronary occlusion are always much higher in cardiac lymph than in serum (30) Thus, it is possible that the transport of myocardial enzymes into the circulation may take a preferential route via the lymphatics.
In summary, the results of this study show that analysis of alterations in cardiac lymph flow and composition gives a more reliabre picture of the changes produced by myocardial ischemia than analysis of systemic or coronary sinus blood. Furthermore, such analysis allows deductions to be made with respect both to capillary and myocardial cell abnormalities. The lack of significant changes in systemic venous blood was an expected finding, but the lack of detectable changes in the coronary sinus blood was somewhat surprising. 
